Abstract: Based on the method of nonlinear finite element, the dynamic response characteristics and fatigue life of soft rock at the bottom of the typical cross section of high speed railway are studied. The research result shows that the peak dynamic stress of the soft rock increases nonlinearly with the increase of the speed of train, and decreases nonlinearly with the increase of the depth and the strength of the soft rock. Based on the Miner accumulated damage theory, the fatigue life of the soft rock at the bottom of a high-speed railway tunnel is studied. The research has certain pragmatic value to improve our country's high-speed railway tunnel design and operation management level.
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Introduction
As the experience in railway operation and researches in China were shown in [1] [2] [3] [4] [5] [6] [7] , for the surrounding rock at the bottom of the high-speed railway tunnel suffer the impact of the trains' vibration, prone to fatigue damage. However, its damage life and characteristics is primarily influenced by the strength of surrounding rock at the bottom of the high-speed railway tunnel and the speed of train. Because of the history of China's high-speed railway operation is not very long, the current academic research on the fatigue damage and life characteristics of the bottom structure of high-speed railway tunnel is relatively small in the academic circle, therefore, this paper studies the dynamic response and fatigue characteristics of the surrounding rock at the bottom of the high-speed railway tunnel under the condition of different surrounding rock strength and train speed for China's current high-speed railway typical tunnel structure.
Conditions of tunnel and surrounding rock
In order to make the research results representative, a tunnel project of the Guangzhou-Wuhan express railway is chosen as the research object. The section size is shown in Figure 1 , and the physical and mechanical parameters of the tunnel lining and the rail board are shown in Tab.1. The concrete intensive grade of secondary lining is C35. The concrete intensive grade of the invert filling and preliminary lining is C20. And C45of high strength concrete is selected as the material of the rail board. The concrete intensive grade of the supporting layer is C30. The depth of the tunnel is 11.2m. In order to analyze the influence of the surrounding rock conditions on the dynamic response of the bottom structure of the tunnel, 4 kinds of rock mass (SY1-SY4) with different strength grades were studied. The mechanical parameters of the rock mass were shown in Tab.2. 
Boundary conditions of dynamic analysis
In consideration of the tunnel of the Guangzhou-Wuhan express railway is a semi-infinite underground structure and the experience of relevant research work, the dynamic response of the tunnel structure in semi-infinite space can be simulated by setting the appropriate artificial dynamic analysis in order to simplify the analysis process. damping constant：
Where： ρ-the density of the wall rock, kN/m 3 ； µ-Poisson's ratio；
Dynamic response of soft rock under the bottom of tunnel
Dynamic response analysis are conducted in 4 different rail speed and 4 different surrounding rock conditions with the dynamic analysis model is shown in figure 1 . The time-history curve of dynamic loading under different rail speeds reference literature [8] . 5 feature points are chosen as the research objects, whose vertical distance from the bottom of the invert is 0.5m, 1.5m, 2.5m, 3.5m and 5m(T 1 ， T 2 ,T 3 ， T 4 ， T 5 )。 The dynamic responses of the wall rock at the bottom of the tunnel in different analysis cases are shown in Fig. 2 .
In Fig.2 , it can be found out that the peak vertical dynamic stress increases with the increase of soft rock strength, but decreases gradually with the increase of depth. Under the same soft rock strength level, the peak vertical dynamic stress and amplitude of each feature point increases with the increase of rail speed, but decreases with the increase of depth. 
Fatigue life analysis for soft rock
Assuming that 100 pairs of trains pass by per day on average during the operation, each train has 16 formations. If the damage variable of the tunnel structure and basement wall rock reaches 0.95, the structure is considered failure.
In order to simplify the calculation and consider the most unfavorable conditions for the fatigue life of soft rock, a single two-way train passing through the tunnel at the same time is regarded as a load cycle in the prediction of the fatigue life of the base rock, based on that, the short-term and long-term fatigue life of the soft rock is calculated.
From Miner accumulated damage theory and soft rock N S lg − fatigue characteristic curve, the damage parameter of soft rock in a load cycle can be defined. The value and calculation method of f N is shown in Literature [8] . 
When the base of the tunnel is in soft rock of low intensity or soft soil area, it is necessary to strengthen the base of a certain depth to meet its anti-fatigue design requirements.
